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quirements is as follows: 
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a. Descent System 

(l) System selection criteria 

The advantages and disadvantages for the selection of a 
cluster of three parachutes are shown in slide 1. The advanta- 
ges of a parachute cluster are as follows: it is within the 

state-of-the-art, provides excellent pendulum stability, pro- 
vides a high degree of reliability, very low weight and volume, 
is an easy way of obtaining redundancy, and it is a passive 
system. The only major disadvantages of a cluster is that it 
is normianeuverable. For Apollo, the use of a single parachute 
would have required that it have a diameter of approximately 
l.?7'. Present state-of-the-art in parachutes have determined 
test parachutes of this size are difficult to fabricate. Large 
parachutes also present a packing and .installation problem. To 
provide redundancy, this would have also resulted in a heavier 
landing system and requiring more volume than the selected 
cluster arrangement . 

(?) Deployment sequence 

Slides 2 and 3 depict the deployment sequence for the Apollo 
earth landing system. The sequence of events are the aft section 
of the Command Module is jettisoned, a 13* diameter drogue chute 
is mortar deployed, the drogue chute is jettisoned at a prede- 
termined altitude and the three main parachutes are deployed by 
mortar deploying pilot parachutes. The pilot parachutes then in 
turn pull the extraction chutes which deploy the main parachutes. 
The main parachutes are reefed for a period of six seconds prior 
to full inflation. 

(3) Test program 

The Apollo earth landing system will be tested at El Centro, 
California. The test will be conducted utilizing a B-66, C-I30 
and C-I33A aircraft. The B-66 aircraft will be utilized in test- 
ing the drogue parachutes. The C-13O and 153A will be utilized 
in testing the single main parachute and the complete earth land- 
ing system. The present status of the Apollo test program is 
that 3 tests have been conducted on a single 88’ diameter para- 
chute to establish optimum parachute reefing parameters. It is 
anticipated that approximately 70 tests will be required for the 
development and qualification of the earth landing system. The 
parachute system flight envelope is probably best described at 
this point. 
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Graph Mo. 1 gives the drogue parachute design envelope a,rn 
is self explanatory. Normal drogue parachute deployment is 
initiated at 25,000 feet. At a dynamic pressure of l40 psf, the 
Command Module is stabilized with the drogue chute descending to 
,^-j 4- n* rt-r non r&M' . whpvp the main chute *s deployment 
sequence is initiated at e. dynamic pressure of 64 psf. The 
drogue parachute has been designed to he capable of deployment 
at a q of 210 psf and at any altitude from 5500 ft to 25,000 ft. 

In the case of "pad abort", the drogue chute can also he deployed 
through this same altitude range at a minimum dynamic pressure 
of 10 psf. Graph No. 2 shows the design envelope of the main 
parachute;',. The main parachutes have been designed to he capable 
of being deployed at a maximum dynamic pressure of 96 psf at any 
altitude from 5500 to 15,000 ft and likewise, they are capable of 
being deployed at a minimum dynamic pressure of 10 psf. This low^ 
dynamic pressure could be encountered in the case of a "pad abort . 
There are some problem areas with this earth landing system which 
are anticipated although are not considered to be major obstacles 
to overcome. These problem areas are (l) the mortar deploying of 
all three main parachutes and (2) the effects of a malfunction of 
a single parachute on the other two parachutes . 

h. Impact System 

(1) System description 

Slide 5 depicts the capsule impact attenuation system. This 
consists cf C air oil struts for vertical attenuation and 8 alum- 
inum honeycomb double acting struts for horizontal attenuation. 

The oil used in the air oil strut is Oranite 8515. The total 
stroke of the air oil strut is approximately 12". The aluminum 
honeycomb strut has a stroke of approximately 4". 

Slide 4 shows the attenuation system U3ed for the individual 
crew seats. This consists of 4 honeycomb shock struts for verti- 
cal loads, two honeycomb struts for horizontal, loads and two honey- 
comb struts across the chest. The aluminum honeycomb struts are 
designed to control the "g" buildup. 

(2) Design consideration 

The known safe human tolerances are shown on graph no. 5* 

This impact attenuation system is designed for the following nomi- 
nal conditions which are within the safe zone. 


5 chutes out - vertical rate of descent 25 fP s 
horizontal rate of drift 50 fps 
Max si ope of 5° at impact 

Allows 20 g's vertically; 10 g Vs horizontally at 250 
g » ;/second. 
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Design emergency conditions: 

2 chutes vertical rate of descent 30 fps 
horizontal rate of drift 30 fps 

Max slope of 15 0 at impact 

Allows 40 g's vertically; 10 g's horizontally 
(3) Test program 

Present plans call for impact tests utilizing a full scale 
boilerplate Command Module. These tests will be conducted at 
NAA on a test rig presently under construction. This rig will 
not be available until probably January 1 , 1963. 

To reduce the number of boilerplate impact tests, a 1 /4 
elastically scaled model program will soon start at LRC. This 
model has a scale strength heat shield and strut attenuation 
system. This model will be tested on sand, hard surface, and 
water to determine the dynamics and acceleration loads. 

The difficulty with an active system is the somewhat Lower 
reliability because of the operation of additional mechanisms 
which have to be employed in releasing the heat shield. 

Another problem would be the necessity to choose between 
having a deployed or nondeployed impact system when landing in 
water. For instance, with the proposed Apollo system, there is 
a great possibility that the heat shield, if deployed, may dig 
into the water causing severe capsule motions. 


CURRENT ADVANCED LANDING SYSTEMS STUDIES 


1. At this point some of the programs which are presently being conducted 
by Manned Spacecraft Center in support of both future spacecraft and Apollo 
should be described . 

2. The first program is the development of a parachute known as the Glide- 
sail. This program is being accomplished by Northrop Ventura and has as a 
primary objective, the development of a gliding parachute having an T./D of 
approximately 0.7 to 1 and which can also be controlled directionally. 

3* It is realized that the performance goals for a parachute of this na- 
ture would not provide a range capability but would allow avoidance of local 
obstacles and partially alleviate the impact attenuation problem by being able 
to overcome wind drift. The present status of this program is as follows: A 
wind tunnel test program has been completed by Ames Research Center using l8' 
diameter parachutes in the 40* x 80' wind tunnel; the results of the wind tunnel 
program have been verified by drop tests of both 63' diameter single and 3 chute 
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p . rc ^ r: ' jn con3 ’ i ijts of V-Jii in-house development of a similar 
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r r'm* ' T P ‘'7*7 01 tll ° e arMtmte > without the landing rocket, and static 

i«t,o 01 the rocket motor have boon completed. The results of these tests 
have shove the feasibility of f. controllable parachute retro rocket earth land- 
the r n\ 0 rr, c • r drop tests of the complete system utilizing a C-ri.9 
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tu ' r ‘ 1 P r op:cMji» it: the development of a deployment technique for the 

V t i ° r * A rcvv>v 0f ,, M tho work l,tLn f. accomplished on Paragliders, in- 
d.cuted p;,r.i,;Udor deployment was one of the major problems to be solved before 

in it Pit b tn'-’i! , V ai ' Jn< - a * alem * A propr-un with T..RC has been 

initiated to n.ve.tir.te P«'r.M w.i ::g deployment. Tangley will conduct the tests 

uamp; the p) transonic tunnel utilizing elastically and dynamic ncal e models. 

It ic relieved this pro-™, can contribute significantly to developing a satis- 
. actory means oi pa ray! ider deployment. 


FUTURE PROGRAMS 


i . The Tandin; 
planned which, cover 
These proclaims arc: 


. and impact Cysteine beet- ion have a number 
various arcus that are not present I;/ being 


of future programs 
invest i gated. 


a . I he development ol a chute with an L/D greater than on> 


b. Tlie development of a 
spaces raft . 


landing rocket for attenuation oi' Apollo size 


e. The devo 1 opment of large single parachutes 
spacecraft weighing : 0,000 pounds. 


capable of recovering 


ri. Development of drogue parachutes in sizes approximately it to If 
in diameter which can be deployed, at Muc,h numbers up to ? at an altitude 
of bO , 000 feet . 

e. Investigate the feasibil ity of ejection seats J'or spacecraft . 

V. The development of an altitude sensor to be used in conjunction 
v/ith the landing rocket* 


g. The study of soils as they apply to impact attenuation and its 
eiiect on the dynamics of the spacecraft. 

h. The development of a rotor landing system. 
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